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Background: Currently there is a dual system of oral healthcare delivery in Cyprus: the public dental system (PDS)
run by the Government and the private system provided by private dental practitioners. Although 83% of the
population is entitled to free treatment by the PDS only 10% of the population make use of them. As Cyprus faces
now the challenges of the introduction of a new health care system and rising healthcare costs in general, surveys
that examine, among other things, the efficiency of the PDS become very important as tools to make important
cost savings. The aims of this study are to assess trends regarding the number of visits and the age distribution of
patients using PDS from 2004 to 2007, to measure the technical efficiency of the PDS and to investigate various
factors that may affect it.
Methods: Non-parametric Data Envelopment Analysis (DEA) was employed to assess technical efficiency. Two
separate cases were examined. Efficiency was calculated, firstly using as inputs the wages and the working hours of
the personnel, and secondly the working hours of the personnel and the cost of the materials. As outputs, in both
cases, the treatment offered (divided into primary, secondary and tertiary care) and the numbers of visits were used.
In the second stage Tobit analysis was used to explore various predictors of efficiency (time per patient, location,
age of dentists, age of patients and age of assistants).
Results: The study showed that whilst there was an increase in the number of patients using the PDS from 2004 to
2007, only a small proportion of the population (10%) make use of them. Women, middle and older aged patients,
make more use of the PDS. Regarding efficiency, there were large differences between the units. The average
Technical Efficiency score was 68% in the first model and 81% in the second. Urban areas and low time per patient
are predictors of increased efficiency.
Conclusion: The results suggest that many of the rural PDS are underperforming. Given that the option of shutting
them down is undesirable, measures should be taken to reduce inputs (e.g. by reducing the personnel’s working
hours) and to increase outputs (remove barriers, make PDS more accessible and increase the number of patients).
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Cyprus is the third largest island in the Mediterranean.
Currently there is a dual system of oral healthcare deliv-
ery in Cyprus: the public dental system (PDS) run by the
Government and the private system provided by private
dental practitioners. In addition, some dentists have con-
tracts with workers’ unions or other semi-governmental
organizations, as well as insurance companies. Payment* Correspondence: nmaniadakis@esdy.edu.gr
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distribution, and reproduction in any mediumis usually charged per item of service provided [1,2]. The
costs of the PDS are met by the Government. The per-
centage of the budget given to the PDS is about 1.3% of
the entire budget for the Ministry of Health. Of note is
the fact that that the proportion of gross domestic prod-
uct (GDP) spent on healthcare (including dentistry) is
only 5.6% [3]. There are 732 dentists in Cyprus, only 40
of them (6%) work in the public sector, and the dentist-
to-population ratio is 1 per 1000 [4]. Public Health Service
dentists are all salaried and are not permitted to undertake
private practice [3]. Public Oral Healthcare is provided at
outpatient departments of hospitals, in urban centers andCentral Ltd. This is an open access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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health centers spread all over the country staffed with a
dentist and a dental assistant (however in five rural health
centers with limited number of patients the dentists work
without an assistant). All of them provide services from
7:30 to 14:30. Whilst outpatient departments of hospitals
operate on a daily basis, some urban and rural health cen-
ters operate three days per week and some operate on a
weekly basis. In rural health centers dentists work fewer
hours because of reduce demand for dental treatment.
The reduced demand is correlated with the number of in-
habitants which is gradually decreasing (according to data
from the Statistical Service (5) 70% of the population lives
in urban areas), the age and the socioeconomic profile of
the inhabitants in rural areas as well as to the fact that the
younger people in rural areas, chose to visit urban health
centers or hospitals which are closer to their work-places.
Of note that there are no geographical or any other kind
of restrictions regarding visiting a health centre. Therefore,
in case of emergency someone may visit the nearest health
centre (since Cyprus is a small island the distance between
the health centers is no more than 30 minutes) or the dis-
trict hospitals which have emergency departments staffed
with dentists 24 hours a day, 365 days per year.
83% of the population is entitled to free treatment by
the Public Dental Services and in that percentage are in-
cluded: all low income earners (annual income less than
€16,000), all government employees (regardless of annual
income), schoolchildren and all persons registered as dis-
abled. Everybody else who wishes to be examined and
treated by the Public Dental Services has to pay according
to fee schedules set by the Ministry of Health. Around
10% of the population accesses dental care through the
PDS [5]. A comprehensive spectrum of dental services, in-
cluding primary, secondary care and tertiary care, is of-
fered by the Public Dental Services in hospitals. In urban
and rural health centres only primary and secondary care
are offered. Primary care includes all the preventing ac-
tions such as examination, fissure sealants and topical ap-
plication of fluoride, Secondary care represents the main
work undertaken in a dental clinic such as fillings, extrac-
tions, root canal treatment, while tertiary care is taking
place only at hospitals and includes surgical operations
under local anaesthesia by a specialist maxillofacial sur-
geon as well as the construction of removable dentures, a
procedure that requires the presence of a dental labora-
tory. An orthodontics service, however, is not currently
provided by the PDS [3].
Until now, the only measurement of the performance
of PDS was the number of people attending the service.
However, as Cyprus faces the challenges of the introduc-
tion of a new health care system and rising healthcare
costs in general, surveys that examine, among other
things, the efficiency of the PDS become very importantas tools to improve the quality of care, to meet the in-
creasingly demanding needs and expectations of the
public in Cyprus and to make important cost savings in
doing so. An understanding of economic evaluation and
efficiency is important for the purchasers, as well as for
the providers and financers.
This is the first study that has been conducted, not only
by the Public Dental Services, but generally by the Medical
Services in Cyprus to examine technical efficiency. The re-
sults will form a baseline for future studies of on the PDS
and health services assessment in Cyprus. Specifically, the
aim of this study was to examine: i) changes regarding the
number of visits and the offered treatment by the PDS in
Cyprus from 2004 to 2007; ii) the efficiency of the PDS
during 2006; and iii) predictors of efficiency.
Methods
Efficiency measurement deals with ways to measure and
analyse the productive performance of production units.
Following the seminal work of Farrell in 1953 [6], from
an input perspective, an organization is technically effi-
cient if output is produced with the minimum possible
amount of input, whilst it is allocatively efficient if in-
puts are also employed in the correct proportion in
terms of their prices to minimize production cost for a
given output produced and these two concepts define
overall efficiency [7]. To illustrate these concepts graph-
ically, consider the simple case of a single output (y) be-
ing produced from two inputs (x1) and (x2) in Figure 1.
All units on the efficiency frontier QQ operate efficiently
by producing the same output with different combina-
tions but always minimal amounts from the two inputs.
The line that goes through BB is the minimum isocost
line. Unit P1 is both technically and allocatively efficient
since it uses both inputs optimally given their relative
prices. Unit P2, although technically efficient as it lies on
the frontier, is allocativelly inefficient since it fails to
minimize cost in the production of output. Unit P4 is
both technically inefficient (the technical efficiency score
is captured by the ratio OP2/OP4) and alloctaively ineffi-
cient (allocative efficient is defined by the ratio OP*2/
OP2). The overall efficiency for unit P4 can be found by
the multiple of technical and allocative efficiency. Finally
unit P3 is allocatively efficient but technically inefficient,
the later captured by the ratio OP1/OP3.
A commonly used methodology employed in efficiency
measurement is that of Data Envelopment Analysis (DEA)
[7]. DEA has several strengths. As a non parametric
method it does not require knowledge of the underlying
production function, it can easily handle multiple inputs
and outputs and has the ability to identify easily actual
good practice and performance targets. For these reasons
it is the most frequently employed method for measuring
the productive performance of health care services. Hence,
Figure 1 Input oriented efficiency measurement.
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firstly employed to assess technical efficiency.
In DEA there is an issue regarding which inputs and
outputs to employ; there are no tests that can aid this
process, as there are in the context of the econometric
approach. For this reason two separate input–output
sets were analysed. As indicated in Table 1, in the first
case efficiency was calculated using as inputs the work-
ing hours of the personnel and their wages (the wages of
the personnel represent 80% of the total costs of the
budget of the PDS and are mostly related with the years
of experience) and in the second case the working hours
of the personnel and the cost of the materials. A lot of
variables couldn’t be used at the same time as the num-
ber of the examined health centres was small (only 34).
As a rule of thumb the examined units should be at least
three times more than the examined variables, otherwise
there is the risk of fictitious increase of the efficiency [8].Table 1 Input and output variables
Input Output
Model 1 Working hours of dentists Primary dental care
Working hours of assistants Secondary dental care
Working hours of technicians Tertiary dental care
Wages of dentists Number of visits
Wages of assistants
Wages of technicians
Model 2 Working hours of dentists Primary dental care
Working hours of assistants Secondary dental care
Working hours of technicians Tertiary dental care
Costs of materials Number of visitsOther variables such as the extent of the hospital facil-
ities and the number of hospital beds weren’t used as
the specific range of the offering services by the PDS
doesn’t need in patient care and also because regardless
of the extension of the facilities, each health centre has
only one dental unit.
The outputs considered in both cases include the
treatment offered (disaggregated as primary, secondary
and tertiary care) and the number of visits. The alloca-
tion of treatment to primary, secondary and tertiary was
necessary in order to take into consideration the differ-
ent complexity of the treatment offered. This is a sort of
case-mix adjustment. It can be argued that the lack of a
more sophisticated case-mix measure for dental care is
not that problematic, compared for instance with spe-
cialized hospital care, as the variation of resource use
and the complexity of care across patient cases is not
significant.
In the second part of the study, the estimated effi-
ciency scores were regressed against a set of observed
variables which could potentially influence performance.
These include the location (urban versus rural to ac-
count for accessibility and population demographicsa),
time per patient (to account for quality of care), age of
dentist and age of assistants (to account for experience
of the team) and age of patients (to account for the na-
ture of the case). In the PDS there are five health centres
where the dentists work without any assistant. The rela-
tion of the exogenous variables with technical efficiency
was examined using a Tobit model. This approach is
preferred to the linear regression approach because the
dependent variables are censored, and because DEA effi-
ciency scores are continuous on the 0 to 1 interval and
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probability of obtaining the limiting value 0 is zero. All
the necessary data regarding working hours of the
personnel, wages, cost of the materials, offered treatment
(disaggregated as primary, secondary and tertiary), num-
ber of visits and also about time per patient and age of
dentists, assistants and patients were collected from the
annual internal reports of the Public Dental Services
(PDS) and were used for the development of this study
with the written permission of the Director of the PDS.
(Table 2 presents the working hours of the personnel as
well as their wages/salaries divided by the type of the
health centre while Table 3 presents the offering care
divided again by the type of the health centre. The
FRONTIER software was used to compute efficiency
scores and to identify best practice units and the soft-
ware STATA ver 8.0 was used for the Tobit model.
Ethical approval for the conduction of this study was
given by the Public Dental Services of the Ministry of
Health in Cyprus.
Results
Figures 2, 3 and 4 present the number of patients who
visited alternative dental health provision service places
by sex, age and year. It is noticeable that women make
more use of the public dental services. In both hospitals
and urban health centres the age group that makes most
use of the public dental services is 45–65 years, whilst in
rural health centres that age group is 65–74 years. It is
obvious that the patients that are visiting rural health
centres are older compare to those that are visiting
urban health centres or hospitals. Furthermore, as indi-
cated in Figure 5 there was an increase in the number of
visits between 2004 and 2007 both at hospitals (7.00%)
and urban health centres (31.32%) but a decrease at
rural health centres (5.11%). The increase in the number
of visits at urban health centres was to be expected as a
result of the migration of population from rural into
urban areas. It was also thought that because urban
health centres are located in new and modern buildings
this may make it more attractive for patients to visit
them although it must be clarified that all health centres
are well equipped and have the same dental units
and use the same materials This should be taken into
consideration in the future regarding human resource




Dentists Dental assistants Dental techni
Hospitals 41111,00 46692,00 15592,00
Urban 5588,00 5588,00 -
Rural 6033,44 6033,44 -mentioning that from 2004 until 2006 the number of
visits was stable, followed by an increase in 2007. This
needs to be examined further with regard to the under-
lying reasons and to whether it is likely to continue in
the future.
In the first model mean efficiency across all produc-
tion units was 67.8%, ranging between 30.9% and 100%.
In the second model mean efficiency across all produc-
tion units was 81.2%, ranging between 39.3% and 100%.
These results mean that producers could deliver the
same amount of services using about 32.2% (model 1) or
18.8% (model 2) less inputs, or alternatively that with
the resources used 18.8% to 32.2% more services could
be produced to eliminate inefficiency. The differences
observed between the models were rather expected. The
lower scores in the first model are associated with the
higher number of input variables, where more complex-
ity lays the ground for greater inefficiency. The first
model may better reflect the reality, as the mean cost of
materials at hospitals and rural health centres corre-
sponds to only 7% of the mean cost of the wages, whilst
this rises to 9% for urban health centres. This is also
indicated in Figure 6, which depicts the distribution of
centres according to their efficiency score. However,
looking at the lists of centres with the greatest and the
lowest efficiency scores (Table 4) we notice that these
are almost identical in both the models, an element
which enhances the reliability of our findings.
In Table 4, it is notable that the list with the lowest
scores includes only rural health centres, whereas the list
with the high technical efficiency (TE) scores includes
hospitals, urban and rural health centres. By examining
carefully the rural health centres with high TE scores
one can see that these centres have managed to improve
their TE, either by reducing their inputs (e.g. rural
health centres where the dentists work without an assist-
ant or the working hours have been reduced) or by in-
creasing their visits (outputs). On the other hand a lot of
rural health centres that present the lowest efficiency
scores are staffed with senior dental officers which are
paid with higher wages, a factor that increase the inputs
and in conjunction with the low outputs, decreases effi-
ciency (Table 4).
No statistically significant difference was found in the
comparison of efficiency between hospitals and rural
health centres. But when we excluded the 5 rural healthorking at the PDS
Wages (€)




Table 3 The number of care and the offering care by the PDS divided by type of care and type of health centre
Type of
health centre
Type of Care (No of actions) No of visits
Primary dental care Secondary dental care Tertiary dental care
Hospitals 7554 44991 4884 62310
Urban 2133 17075 0 14516
Rural 1788 8657 0 8963
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then the difference in efficiency became statistically sig-
nificant (Mann–Whitney test p= 0.04). Statistically sig-
nificant differences were also found in the comparison
of technical efficiency between urban and rural health
centres (p=0.04) and between hospitals and urban health
centres (p=0.01). In the regression analysis, technical ef-
ficiency was positively related (in both the scenarios/
cases) with an urban location of health centers (except
in the case where in the study were included the 5 rural
health centers where the dentist work without assistant)
and a low time per patient. According to the analysis,
TE was not related to the age of dentists, the age of pa-
tients, or the age of assistants (Table 5).
Discussion
The results show that women make more use of the
PDS in Cyprus. This finding is in agreement with the
findings of other studies showing that women tend to
use health services more frequently [9-12]. It is also of
note that only a small proportion of children make use
of the PDSb. This should be taken into consideration, as
our new National Health Care System is planning to
provide only preventive care to children up the age of
16. Despite the increase in the proportion of patients
using the PDS from 2004 to 2007, still only 10% of the
population does so. The reasons for this should be fur-
ther investigated, because it is an important factor that
affects efficiency (e.g. what are the reasons that motivate
people not to use the PDS, despite being eligible, but to
prefer the private sector: convenience, better working
hours in the private sector since PDS do not operate inFigure 2 Visits in hospital dental departments by age, sex and year.the afternoon, not having to wait, perceived better qual-
ity of care, variety of the offering care as PDS do not
offer fixed prosthetics and orthodontic service etc.). Also
the needs assessment of the oral health status of people
living in Cyprus should be updated as the last one was
carried out 20 years ago.
Differences were also observed in the age profile of pa-
tients visiting the various health centres as well as the
type of the offering care. It is therefore necessary to fur-
ther research and evaluate if the offering care meets the
needs and the expectations of the people and whether
adds to the improvement of the level of oral health of
people living in Cyprus.
Regarding efficiency, the findings indicate that the
choice of input selection affects the efficiency scores.
However, it seems that many PDS are not performing as
well as they could, as the average score lies between 68%
and 81%. This finding agrees broadly with the results of
previous studies in Finland [10-13] and in the UK [14],
although a Norwegian study showed much better effi-
ciency in the public dental care of children in Norway,
because of cost containment and adjustments of staff to
improvements in children’s dental health [15].
The second stage of our analysis revealed two factors
contributing to TE: urban area and lower time spent per
patient. These results are in agreement with other studies.
It seems that people living in or close to urban areas have
easier access to the PDS. They are also more health con-
scious, have a different epidemiological profile and, in
conjunction with various influencing socio-demographic
factors such as age and education, they make greater use
of health services. The results of our study showed that
Figure 3 Visits in urban health centre departments by age, sex and year.
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and may visit a dentist only for emergency situation when
the only treatment that can be provided is the extraction.
This is supported by the data provided by the PDS which
they show that extractions represent 23% of the offering
secondary care in rural health centers compare with 15%
in urban health centers and 19,5% in hospitals. Besides 9%
of the patients are visiting rural health centers because of
the presence of abscess (an emergency situation) compare
with 7% in hospitals and 6% in urban health centers [16].
Regarding time spend per patient Sintonen showed [17]
that the number of hours spent at work without treating
patients was the most important factor explaining the 14%
lower productivity of public compared to private dentists
in Finland. In her study Widstrom showed [18] that tech-
nical inefficiency was markedly and positively associated
with a high number of dental visits.
Our study did not find any significant relation between
TE and the age of dentists. This finding is in agreement
with the results of a study conducted in Finland [17] and
another conducted in Norway (Wang 1994) [19] which
indicated that the professional experience of the dentist
did not affect productivity. However, other studies foundFigure 4 Visits in rural health centre dental department by age, sex aopposite results. As Gray mentions [20], dentists have an
unusual age learning profile in relation to those of com-
parable professional groups. Dentists tend to peak midway
through working life and decline towards retirement.
Scheffler and Kushman (1977) [21] identified peak output
at around age 45 in the US, with a fall of 11% by age 60. In-
creasing age per se, as Sheiman noted [22], reduces prod-
uctivity through reduced manual dexterity. In addition, age
is thought to be inversely related to willingness to innovate,
both technologically and organizationally. Brennan in a re-
view of dental productivity found that young dentists work
less efficiently than older ones [23].
The most interesting policy question is how the ob-
served inefficiency in some units could be improved.
Better use of human resource management (e.g. in re-
mote health centers or centers with less visits/workload
the dentists should work without an assistant in order to
reduce inputs and improve efficiency) and also measures
to improve staff performance should be employed. In
addition, a survey should be undertaken to identify bar-
riers that limit PDS use, so as to address capacity and
demand issues. However, whilst efficiency is a predomin-
ant criterion for resource allocation it is not the only one.nd year.
Figure 5 Trends in the total number of visits.
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the solution of shutting down the rural health centers that
serve only a small number of patients is undesirable for
populations with already limited health care options.
Although the material used was representative of pub-
lic dental care in Cyprus and the quality of data was sat-
isfactory, there remained a number of limitations in the
study. First of all, we did not investigate the quality of
the treatment offered, assuming that this was similar in
all centers. However, the fact that in some health centers
(regardless of the small number of patients in these cen-
ters) the dentists are working without assistant, this can
affect negatively the quality of the offering care. Second,
efficiency should also include measures of final outputs
rather than the intermediate outputs that were used in
this study. It is possible, for example, that slower but
more considered care could be more efficient in terms
of health outcomes that it seems in terms of intermedi-
ate outcome. Also there are other variables that may
affect efficiency - such as specialization of the personnel -
that have not been addressed in this study. These are areas
to be addressed in future research efforts.
Conclusions
This is the first study of its type in Cyprus. It found that
public dental services are used more by women, and byFigure 6 Distribution of PDS units according to their efficiency.middle and older aged patients. Although there is in in-
creasing trend in the usage, still only a small percent of
the population make use of them. In terms of their effi-
ciency there is significant room for improvements that
will result in better use of the resources and maximisa-
tion of the services delivered to the public. Urban areas
and lower time per patient are predictors of increased
efficiency. Based on this study, measures to improve the
efficiency of the PDS should be developed and im-
plemented. In addition, there is a need for further re-
search in terms of interviews, surveys of the staff and
the patients regarding the type and the quality of the of-
fering care and whether this satisfies the patients’ needs
and expectations and also whether this adds to the im-
provement of the level of oral health of people living in
Cyprus. With these changes in place, this study should
then be repeated in the future to provide evidence for
improvements in the practice and efficiency of the PDS.Endnotes
aPeople live in rural areas are older and belong to
lower socioeconomic classes compare to people live in
urban areas as most of them are workers and farmers.
Besides according to the national survey conducted in
1993, adults living in rural areas had statistically greater
Table 4 Centres with the lowest and the highest scores of TE
Model 1 Model 2
Α/Α Centre Efficiency Centre Efficiency
Bottom
1 Health Centre 1 (3) 30.85 Health Centre6 (1), (3) 39.26
2 Health Centre 2 (3) 32.40 Health Centre4 (3) 40.90
3 Health Centre 3 (3) 32.41 Health Centre9 (1) (3) 45.10
4 Health Centre 4 (3) 32.50 Health Centre10 54.92
5 Health Centre 5 38.03 Health Centre5 60.51
6 Health Centre 6 (1) (3) 39.26 Health Centre2 (3) 62.67
7 Health Centre7 42.40 Health Centre11 65.90
8 Health Centre8 (3) 43.62 Health Centre1 (3) 68.94
9 Health Centre9 (1) (3) 45.10 Health Centre7 69.20
10 Health Centre10 45.23 Health Centre12 71.89
Top
1 Hospital 1 100 Hospital 1 100
2 Hospital 2 100 Hospital 2 100
3 Health Centre13 (2) 100 Health Centre 13 (2) 100
4 Health Centre 14 (rhc) 100 Health Centre14 (rhc) 100
5 Health Centre15 (rhc) (2) 100 Health Centre15 (rhc) (2) 100
6 Health Centre16 (rhc) 100 Health Centre16 (rhc) 100
7 Health Centre17 100 Health Centre17 100
8 Health Centre18 (rhc) (1) 100 Health Centre 18 (rhc) (1) 100
9 Hospital 3 93 Health Centre20 100
10 Health Centre19 (rhc) (1) 91 Health Centre21 100
Rhc:rural health centres.
(1): Centres where the dentist works without an assistant.
(2): Centres where the working hours have been reduced.
(3): Centres that are staffed with senior dental officers.
Table 5 Tobit analysis using technical efficiency as the
dependent variable
Tobit Model
Model 1 Model 1 Model 2 Model 2
No of units No of units No of units No of units
(29) (34) (29) (34)
Constant .665 .798 .907 .961
Location -.136 (**) -.128 -.161(**) -.162
Time per patient -.017 (*) -.007(**) -.010(**) -.007(*)
Age of dentist .006 .010 .004 .005
Age of patient .017 -.016 -.004 -.0002
Age of assistants .002 .002
ΤΟΒΙΤ (pseudo R2) 1.49 0.52 1.24 0.95
(*) p<.0.01.
(**) p<0.05.
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in urban areas [24].
bIt has to be mentioned that the PDS are offering oral
health education at schools to all the children age 6–12
years old. Besides with the help of 4 mobile units are vis-
iting elementary schools which are situated in remote
areas with limited access to dental care and significant
oral health problems and are offering free treatment and
prevention.
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